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Dr,  Herschcl  S.  PillofT 
Physics  Division  (Code  312) 

Office  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  VA  22217-5660 

Dear  Hersch, 

This  letter  constitutes  the  annual  re()(>rl  of  work  carried  out  under  ONH  (Irant  No.  NOOOl  l-93-1- 
0116  (RtT  No.  4 12‘1 1 12-08)  at  the  Cnivr'rsily  of  New  Me.xico  during  the  peri(.)d  1992  Dr’cernher  1  to  1!'93 
November  30. 

During  the  reporting  period  five  peo[>le  were  rlirectly  a.ssoriatr'ii  witli  my  resi'arch  group  at  I'NM. 
Riidiger  Schack  continued  as  a  postdoctoral  fi-llow.  supported  by  a  Cermau  fidlowslup  until  1993  November  I . 
when  he  became  the  Center  for  Advanced  Sludir's  Postdoctoral  I'tdlow  at  I'.NM;  Srhack  works  mainly,  but 
not  e.xclusively,  on  topics  not  directly  relaU’d  to  this  grant.  Shang  Siniy,  I  SC  graduate  student,  continued 
work  toward  a  Ph.D.  in  Physics,  working  on  loj)irs  <firectly  ndaied  to  this  grant.  Chris  Fuchs  and  Howard 
Barnvm.  UNM  graduate  students,  joined  my  research  group. 

In  addition  to  the  above  personnel,  several  visitors  were  hrought  to  I'.NM  under  the  anspici's  of  the 
Center  for  Advanced  Studies:  (i)  Ian  Percival  of  Queen  Mary  and  Westfield  College  visited  for  two  wei-ks 
in  1993  .lune,  lecturing  about  the  <niantum  trajectories  approach  now  being  innch  n.si'd  in  'inantum  optics; 
(ii)  Cerard  Milburn  of  the  I’niversily  of  CJueensland  visiti'd  for  a  brief  period  in  .Iiiik',  also  lecturing  about 
(piantum  trajectories;  (iii)  Cershon  Kurizki  of  the  Weizmann  Institute  visited  for  two  and  a  half  months 
beginning  in  mid-August,  interact ine  with  my  group  on  various  tojiics  in  ipianlum  .iptics;  (iv)  Samuel 
Hrannstein  of  Technion  visited  for  two  months  bc'ginning  in  mid-August,  working  dio'ctly  with  me  on  topics 
supported  by  this  grant;  and  (v)  .lames  Hartle  of  the  University  of  ('alifornia  at  Santa  Harbara  is  spending 
the  fall  1993  semester  in  northern  .New  .Mexico,  splitting  his  time  among  bos  .Mamos  .National  bahoraiory, 
the  Santa  Fe  Institute,  and  the  Center  for  Advanced  Studies. 

Research  during  the  reporting  period  was  concentrated  in  the  following  areas: 

•  Caves  and  P.  D.  Drummond  of  the  UniviTsity  of  Queensland  finished  an  exti'usive  revision  of  iluur  lone, 
paper  on  quantum  limits  to  communication  rates  and  re-submilW-d  it  to  Reviews  of  .Modern  "livsirs.  when- 
it  has  been  accepted  and  is  scheduled  for  (uiblicalion  in  the  1994  .April  issin'.  fliis  paper  should  become 
the  standard  reference  for  understanding  how  to  apply  physic.al  concepts  to  assessing  the  performance  of 
communication  channels. 
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•  Song  and  Caves  finished  their  work  on  quantum  limitations  on  phase  measurements  made  by  higli- 
precision  interferometry.  Their  analysis  now  includes  a  realistic  model  of  losses  in  the  optical  elements, 
quantum  feedback  to  maintain  the  interferometer  at  its  operating  point,  and  the  use  of  botli  S(|ueezed  light 
and  light  recycling.  The  research  has  led  to  several  surprising  conclusions  about  the  robustness  of  s(Hieeze<l 
light  in  Fabry-Perot  interferometers  and  to  a  unified  understanding  of  recycling  configurations.  This  work 
constitutes  Song’s  USC  Ph.D.  thesis,  which  is  now  nearly  finished. 

•  Braunstcin,  Milburn,  and  Caves  generalized  tlmir  work  on  the  geometry  of  quantum  states  and  its  rela¬ 
tion  to  high-precision  measurements.  This  work  places  absolute  limits  on  how  well  (|uantuin  measurements 
can  determine  a  c-number  parameter  and  establishes  new  uncertainty  principles  for  a  parameter  and  its  con¬ 
jugate  operator.  During  Braunstein's  visit,  previous  work  was  generalized  from  pure  stati's  to  mi.xed  states, 
thus  establishing  a  natural  geometry  on  density  o()erators  and  giving  new.  tigher  uncertainty  principles  for 
mixed  states.  Braunstein  has  drafted  a  short  initial  paper,  by  him  and  Caves,  and  is  working  on  a  longer 
paper  by  all  three  contributors.  Fuchs  has  begun  applying  these  ideas  to  improve  the  llolevo  bound  on 
quantum  communications. 

During  the  reporting  period  Caves  was  an  invited  speaker  at  the  Annual  Mt'eting  of  tin'  Optical  Society 
America,  held  in  Toronto  during  1993  October  <1  K. 


Sincerelv. 


Carlton  M.  Caves 
CMC/TeX 


Publications  published 

1.  A.  S.  Lane.  S.  L.  Braunstein,  and  .VI.  Caves.  “Maximnm-lik('liliood  sialisiics  of  multiple'  quantum 
phase  measureinctits. "  Physical  Review  47.  IfiGT  11)96  ( 1993), 

Publications  submitted 

2,  C.  .M.  Caves  and  P.  D.  Drummond,  “(^nantnm  limits  on  bosonic  communicai  ioti  rates,"  Revu'ws  o/ 
.Modern  Physics,  to  be  ()nblishcd. 
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